Flower-like NiO (F-NiO) and ball-flower-like NiO/Ag (BF-NiO-Ag) were synthesized in the presence of L-glutamine as an electrochemical sensor for lead(II) detection. The structure and morphology of the F-NiO and BF-NiO-Ag were studied by X-ray diffraction (XRD) and field emission scanning electron 
Introduction
Heavy metal ion contamination of drinking water is widely known to cause serious health effects to the human body through the food chain since they are scarcely biodegradable.
1,2
Among the heavy metal ions, lead inicts serious damage to the hematopoietic system, functionality of the central nervous system and kidneys even at low concentrations. 3 Due to the dangerous health effects from exposure to lead ions, the fabrication and development of different methods for the detection of lead(II) ions has recently attracted huge attention from researchers. Some of these methods are: colorimetric spectrometry, 4 inductively coupled plasma mass spectrometry, 5 atomic absorption/emission spectrometry, 6 uorescence spectrometry 7 and electrochemical methods. 8 Among these methods, electrochemical detection has attracted the greatest attention due to the following reasons: short analytical time, low cost, low power consumption, acceptable sensitivity and ease of application. 9, 10 The selectivity and sensitivity are key elements for the successful fabrication and development of electrochemical sensors for lead(II) detection. Therefore, the synthesis of different types of materials with highly available surface area and appropriate functional groups for the adsorption and oxidation/reduction of the analyte are crucial steps in the development of electrochemical sensors.
In recent years, Kirowa-Eisner et al. fabricated different type of electrodes using gold 11, 12 and silver 13, 14 for the detection of cadmium, lead and copper. They concluded that gold was inappropriate for the selective determination of lead in a mixture of lead and cadmium ions due to the overlapping of peaks of both ions, while silver showed acceptable selectivity for the detection of lead and cadmium ions. They suggested that the sensitivity could be improved further by using advanced procedures or increasing the available surface area of the electrode. Graphene is one of the few materials that have attracted huge attention for the fabrication of different types of sensors due to its amazing properties. Different types of nanocomposites containing graphene were recently fabricated for the detection of Pb 2+ and Cd 2+ . 15 The detection of a heavy metal ion such as Cd 2+ is also very important due to the dangerous effects on human health. Recent reports have shown that electrochemical sensors were successfully fabricated for the simultaneous detection of heavy metals such as Pb 2+ and Cd 2+ . [16] [17] [18] Zhang et al. 19 recently reported the fabrication of an electrochemical sensor utilizing glassy carbon electrode modied with NiO for the detection of Pb(II) and Cd(II). They reported that among the different morphologies of NiO, the GCE modied with ball-shaped NiO gave better selectivity and sensitivity for the detection of Pb(II) and Cd(II). The improved detection of Pb(II) and Cd(II) was due to the faster charge transfer rate and greater available surface area of the ball shaped NiO. Therefore, the increase of surface area and decrease of charge transfer resistance are two important factors in the fabrication of electrochemical sensors for the detection of Pb(II) and Cd(II). Based on this, the synthesis of NiO/Ag in the presence of amino acids is an interesting phenomenon to be investigated because: Ag nanoparticles and NiO are sensitive materials for the detection of lead(II) and amino acids play a special role as the reducing agent, 20 which could inuence the morphology of the fabricated NiO/Ag. In this paper, we report the synthesis of NiO/Ag in the presence of L-glutamine as an electrochemical sensor for the detection of lead(II) ions.
Experimental methods

Green synthesis of F-NiO and BF-NiO-Ag
All chemicals such as nickel(II) nitrate hexahydrate, L-glutamine, silver nitrate, sodium acetate and acetic acid were procured from Sigma-Aldrich (St. Louis, Mo, USA). In a typical process, 1.164 g nickel(II) nitrate hexahydrate and 0.07 g silver nitrate were dissolved in 80 mL of ethanol and distilled water with a ratio of 2 : 1 v/v to form a homogeneous solution. Then, 0.073 g L-glutamine was added to the solution. Aer stirring for 30 min, 0.6 g urea was added to the solution with stirring. The suspension was transferred to a Teon-lined stainless steel autoclave, and heated at 150 C for 15 h. The solid product was centrifuged at 4000 rpm for 10 minutes to separate the product from the solution, followed by drying in a vacuum oven at 50 C for 12 h. Finally, the product was annealed at 400 C for 3 h to obtain the BF-NiO-Ag. The same synthetic procedures were carried out in the preparation of NiO but without the presence of silver nitrate, as the reference. The effect of the L-glutamine and reaction time on the morphology of NiO/Ag and the determination of the optimum amount of L-glutamine for the synthesis of the BF-NiO-Ag was also investigated.
Electrode fabrication
1 mg of the synthesized BF-NiO-Ag and F-NiO were dispersed in 1 mL dimethylformamide (DMF) separately, with ultrasonication for 10 minutes to obtain a homogenous green suspension. Then, 10 mL of the homogenous suspension was drop-casted onto the surface of a polished glassy carbon electrode (GCE) and dried at room temperature.
Instruments and characterizations
The BF-NiO-Ag and F-NiO were characterized by X-ray diffraction (Siemens D5000) with Cu Ka radiation, eld emission scanning electron microscopy (FESEM, Quanta 200F), FT-IR spectrum (Spectrum 400 (FT-IR/FT-FIR spectrometer)) and energy dispersive X-ray (EDX) spectroscopy. Electrochemical impedance spectroscopy (EIS) measurements were performed in 100 mM Pb(NO 3 ) 2 in 0.1 M acetate buffer solution (ABS) at pH 6. The determination of the charge transfer resistance of the BFNiO-Ag and F-NiO were performed between 100 kHz and 0.1 Hz, with an acquisition of 10 points per decade. A saturated Ag/AgCl and a platinum foil were the reference and the counter electrodes, respectively.
Results and discussions
3.1 Physicochemical characterizations 3.1.1 FESEM and EDX. The FESEM images of the F-NiO and BF-NiO-Ag in different magnications synthesized in the presence of L-glutamine are given in Fig. 1(a-c) and (d-f) , respectively. There are signicant changes in the FESEM images of the NiO synthesized in the presence and absence of Ag. Fig. 1(a) shows a ower-like morphology of the NiO while Fig. 1(d) shows a ball-ower-like morphology of the NiO/Ag, both synthesized in the presence of L-glutamine. Moreover, the Ni/Ag oxidizes to a spongy morphology which leads to an increase in the surface area of NiO/Ag compared to NiO. The high magnication comparisons of the FESEM images of the F-NiO ( Fig. 1(b and c) ) with the BF-NiO-Ag synthesized in the presence of L-glutamine conrms the increase in the porosity, surface area and change of morphology. The increase of the surface area and detection sensitivity of NiO with Ag loading synthesized in the presence of L-glutamine is one of the important objectives of this work. The effect of L-glutamine on the morphology of the NiO/Ag can be seen from the comparison of the FESEM images of BF-NiO-Ag ( Fig. 1(d) ) and the NiO/Ag ( Fig. 1(h) ) synthesized in the presence and absence of L-glutamine, respectively. From the comparison of the FESEM images, it can be conrmed that L-glutamine plays a specic role on the morphology of the NiO/Ag composite, which will be discussed in the next section. The EDX results of the BF-NiO-Ag ( Fig. 1(g) ) together with the weight percentages of each element are given in Table 1 . The EDX results clearly conrm the loading of Ag in NiO of the BF-NiO-Ag synthesized in the presence of L-glutamine. The growth mechanism of the BF-NiO-Ag was studied together with the effect of L-glutamine concentration on the morphology of the NiO/Ag, in are formed in solution predominantly through the coordination of the amide and carboxyl groups. It is reasonable that some primary crystals of Ni(OH) 2 and AgOH are formed initially, suspended in the solution or precipitated at the bottom of the container during the process. It is possible that the Ni(OH) 2 crystals forms the nucleation site of the nanoower. In the second growth step, the Ni (L-glutamine) n complexes attack the Ni(OH) 2 core by an ion exchange process and forms the coordination core. The growth of the coordination core is accelerated by the intermolecular interactions between the Ni (Lglutamine) n and the Ni(OH) 2 core. This interaction enhances the agglomeration process where the growth of nanoowers is observed in Fig. 3(a) (aer 5 h) . In the nal step, the full-grown nanoower can be observed in Fig. 3 (b) (aer 10 h). The ligandligand interactions in the Ni (L-glutamine) n complexes and the steric effect of the side chains could promote the anisotropic growth and formation of a branched ower-like structure as seen in Fig. 3 (c) (aer 15 h). (Fig. 4(b) ). The EDX and XRD results not only conrm the loading of Ag on NiO but also the reduction of Ag + to Ag. Moreover, the presence of impurity peaks is undetected in the XRD patterns. Based on previous reports, 2 and later converts to NiO during the annealing process. It is notable that CO 2 gas are formed in two steps, i.e. during the reduction of Ag + by L-glutamine (Scheme 1) and during the hydrolysis of urea, which results in the formation one mole of CO 2 . The release of CO 2 gas during the synthesis of NiO/Ag generates pores in the structure of the product. The release of CO 2 during the NiO synthesis is due to the hydrolysis of the urea, therefore the NiO/Ag is highly porous compared to NiO. The increase of the porosity in the structure of the BF-NiO-Ag increases the surface area that is necessary for improving the efficiency of the sensor. It can be concluded that during the synthesis of the BF-NiO-Ag, the L-glutamine plays a role as: (i) a surfactant, and (ii) a reducing agent. Indeed L-glutamine has an effect on the loading process of Ag into the NiO.
Electrochemical characterizations
The interfacial properties of the GCE, F-NiO/GCE and BF-NiOAg/GCE were investigated by EIS. The Nyquist plots of bare GCE (1), F-NiO/GCE (2) and BF-NiO-Ag/GCE (3) in 10 mM Pb 2+ with 0.1 M (ABS) at pH 6 are shown in Fig. 5(a) . The Nyquist plot clearly shows that the semicircle diameter of the BF-NiO-Ag/GCE signicantly decreases compared to the bare GCE and F-NiO/ GCE, with the loading of Ag on the surface of NiO. The reason of this is due the increase of the conductivity of NiO loaded with Ag. The increase of conductivity affects the sensitivity of the BFNiO-Ag/GCE. These results are conrmed by the electrochemical parameters ( Table 2 ) that were obtained by the simulation of the EIS measurements in Fig. 5(b) which shows the equivalents circuits of the electrodes. The R 1 is related to the electrolyte resistance while R 2 is correlated to the rst resistance against ionic mobility which occurs from the solution to the coating layer in the equivalent circuits. The Q 1 and Q 2 parameters are the constant phase elements which were used instead of the pure capacitor in the equivalents circuits. The pure capacitor was substituted by the constant phase element Q in the equivalents circuits to present a closer agreement between the simulated and experimental data. An overview of the total resistance of each electrode conrms the effect of Ag loading on the resistance. On the other hand, the amount of total Q also shows that the porosity and the surface area of the BF-NiO-Ag are higher than the F-NiO. Previous reports also conrm that the variation of the "n" factor is between 0 and 1. 22 The decrease of the "n" factor is the evidence for the increase in the surface roughness. Therefore from the EIS results, it can be concluded that the conductivity and the surface roughness of NiO were enhanced by Ag loading on the surface, which is the main objective of this work.
Electrochemical behavior of lead(II) at different modied electrodes
Cyclic voltammetry (CV) were performed in 10 mM Pb 2+ with 0.1 M (ABS) at pH 6 at 100 mV s À1 to investigate the electrochemical behavior of lead(II) on the bare GCE (Fig. 6(a1) ), F-NiO/ GCE ( Fig. 6(a2) ) and BF-NiO-Ag/GCE (Fig. 6(a3) ). The result clearly shows the current attributed to the reduction of Pb 2+ to Pb + and Pb + to Pb on the GCE electrode modied with the BFNiO-Ag, which is higher than the F-NiO/GCE and bare GCE. The comparison between the BF-NiO-Ag/GCE and the F-NiO/GCE voltammograms shows two important phenomena. First, the reduction peak potential shis to more positive region and second, the reduction of Pb 2+ on the surface of BF-NiO-Ag/GCE occurs in two steps, while the oxidation of Pb occurs in a single step. The anodic peak at À0.55 V is attributed to the oxidation of Pb to Pb
2+
. From our previous report, 23 a possible mechanism for the electrochemical reduction of Pb(II) on the BF-NiO-Ag/ GCE surface is as follows: 
Based on the CV and EIS results of the BF-NiO-Ag/GCE, it can be concluded that the increase of conductivity of the BFNiO-Ag is due to the loading of Ag on the NiO surface and the increase of the total surface area compared to the F-NiO. Therefore, the adsorption and reduction of Pb 2+ on the surface of BF-NiO-Ag/Ag signicantly increases compared to the F-NiO. Moreover, the behavior of BF-NiO-Ag/GCE with the variation of scan rate in 10 mM Pb 2+ solution with 0.1 M (ABS) (pH 6) was studied at different scan rates (from 10 to 100 mV s À1 ) (Fig. 6(b) ). The linear increase of the second reduction peak current with the increase of scan rate shows that the electrode reaction is a surface-conned electrochemical process. 24 The linear regression equations are articulated as (Fig. 6(c) ). The effect of pH of the acetate buffer solution (ABS) on the reduction current on the surface of BF-NiO-Ag/GCE was studied at 100 mV s À1 in 10 mM lead(II) solution (Fig. 6(d) ). The result indicates that the current increases with the increase of pH until pH 6, but decreases in alkaline solution. The stability and repeatability of the modied BF-NiO-Ag for the detection of lead(II) was also investigated by CV. The experiment was performed in 10 mM Pb 2+ with 0.1 M (ABS) at pH 6, aer keeping the electrode in air and at ambient temperature for 10 days. Aer four consecutive determinations of lead(II) concentration, the current response decreased only 2.61%, which conrms that the BF-NiO-Ag had an acceptable repeatability and stability for the detection of lead(II) (Fig. 6(e) ).
The typical amperometric response of the BF-NiO-Ag/GCE to consecutive concentration changes of Pb(II) was investigated with differential pulse voltammetry (DPV) in 0.1 M ABS (pH 6.0) (Fig. 7(a) ). The results clearly shows the dependence of the reduction peak current (I pc ) on the Pb 2+ concentration. Based on the I pc , the sensor calibration was performed three times and the calibration curve with the error bars is plotted in Fig. 7(b) . A linear relation of the peak current and the Pb(II) concentration with a correlation coefficient (R 2 ) of 0.991 is obtained. Table 3a . The results conrm the feasibility of the proposed method for the quantitative detection of Pb 2+ at certain concentration ranges.
Analysis of real samples
The analytical application of the BF-NiO-Ag/GCE was investigated with ground water and pipe water in University of Malaya, Kuala Lumpur. The peak current and the corresponding concentration of Pb 2+ was determined by using prepared samples with ground water and pipe water with a concentration range between 5 and 10 nM Pb 2+ . The RSD, LOD for Pb 2+ and recovery percentage are given in Table 3b . A linear relation between the peak current and the Pb(II) concentration of the pipe water and ground water are obtained (Fig. 8(a) and (b 
Conclusions
The BF-NiO-Ag was synthesized in the presence of L-glutamine and utilized as an electrochemical sensor for lead(II) detection. The XRD and EDX results conrmed that Ag + was reduced to Ag metal and loaded on the F-NiO during the synthesis of the BFNiO-Ag. The FESEM images clearly showed the effect of Ag loading and the presences of L-glutamine, on the morphology of the BF-NiO-Ag, which lead to a signicant increase in the total surface area. The EIS result shows a larger value of the constant phase element of the BF-NiO-Ag/GCE compared to the other electrodes, and is a strong evidence for the presence of increased porosity, cracks and parapets. From the differential pulse voltammetry results, a linear working range for the concentration of lead(II) between 1.5 and 10 nM, with a LOD of 0.06 nM (S/N ¼ 3) was obtained. The sensitivity of this linear segment is 0.3 mA nM À1 . 
